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REMARKS 

Claims 1-18 are pending in this application. No amendment is proposed in this response. 

Claims 1-14 are rejected under 35 U.S.C. §103(a) as being unpatentable over 
Hosoya et al. (U.S. 2001/0124386) in view of Yoshino et al. (U.S. 5,631,100) as evidenced by 
Johnson et al. (U.S. 5,601,951). 

Claims 15-18 are rejected under 35 U.S.C. §103(a) as being unpatentable over 
Hosoya et al. (U.S. 2001/0124386) as evidenced by Johnson et al. (U.S. 5,601,951). 

Reconsideration of the rejections is respectfully requested. 

The Examiner states that since Hosoya discloses acetylene black as a conductive agent 
and Johnson discloses acetylene black having a BET specific surface area of 60-70 m 2 /g, the 
acetylene black Hosoya discloses inherently possesses a BET specific surface area of 15 m 2 /g or 
greater. 

However, what is necessary for being inherent is not probability, but inevitability. 

As it is, because a conductive agent is acetylene black it does not necessarily follow that 
it possesses a BET specific surface area of 15 m 2 /g or greater. In fact, JP20 10-33998 (attached, 
"with English translation) discloses at [0046] and [0047] two types of acetylene black having BET 
specific surface area values of 5 m 2 /g and 10 m 2 /g, respectively. 

Accordingly, the acetylene black of Hosoya does not inherently possess a BET specific 
surface area of 15 m 2 /g or greater, and it is submitted that the present invention is not 
unpatentable over Hosoya in view of Yoshino as evidenced by Johnson. 
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If, for any reason, it is felt that this application is not now in condition for allowance, the 
Examiner is requested to contact the Applicants' undersigned agent at the telephone number 
indicated below to arrange for an interview to expedite the disposition of this case. 

In the event that this paper is not timely filed, the applicants respectfully petition for an 
appropriate extension of time. Please charge any fees for such an extension of time and any 
other fees which may be due with respect to this paper, to Deposit Account No. 01-2340. 



Respectfully submitted, 



KRATZ, QUINTOS & HANSON, LLP 



Daniel A. Geselowitz, Ph. 
Agent for Applicants 
Reg. No. 42,573 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 



1. This document has been translated by computer. So the translation 
may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 
A cathode. 
An anode. 

Nonaqueous electrolyte. 

Are the nonaqueous electrolyte secondary battery provided with the above, and said 
anode holds a negative electrode mixture layer on a charge collector, Said negative 
electrode mixture layer is provided with a bilayer of a surface layer and a charge 
collector side layer at least, and said charge collector side layer contains a carbon 
material and a binding agent which said surface layer has specific surface area larger 
than said negative electrode active material, and do not carry out insertion 
disconnection of the lithium ion reversibly including negative electrode active material 
and a binding agent. 



[Claim 2] 

The nonaqueous electrolyte secondary battery according to claim 1, wherein specific 
surface area of a carbon material which specific surface area is larger than negative 
electrode active material, and does not carry out insertion disconnection of the lithium 
ion reversibly contained in a surface layer is more than 10-m 2 /g. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the nonaqueous electrolyte secondary battery using the anode 
in which the negative electrode mixture layer was provided with the bilayer of a 
surface layer and a charge collector side layer at least. 
[Background of the Invention] 
[0002] 

A nonaqueous electrolyte secondary battery as positive active material Transition 
metal multiple oxides, such as cobalt acid lithium (LiCo02), The material as negative 
electrode active material occlusion and can emit lithium, such as various carbon 
materials, silicon, and a silicon oxide, The organic electrolysis liquid which dissolved 
lithium salt, such as LiPF6, in the organic solvent is used as an electrolyte, The 
lamination type power generation element which laminated the wound type power 
generation element or plate shaped electrode which wound the band electrode via the 
separator via the separator is stored to a cell case, sealing obturation is carried out 
with a battery lid, and a positive pole terminal and a negative pole terminal are 
attached to a battery exterior. 
[0003] 

This nonaqueous electrolyte secondary battery is widely used taking advantage of the 
feature of it being small and lightweight and being high energy density, as a power 
supply of various portable electronic devices, such as a cellular phone, a personal 
computer, and a video camera. 
[0004] 

The carbon material was mainly used for the negative electrode active material of the 
nonaqueous electrolyte secondary battery, and the lithium ion uses occlusion and the 
reaction to emit into carbon. In a carbon material, the black lead system carbon 



material of high crystallinity excellent in the charge-discharge cycle characteristic has 

mainly been used. 

[0005] 

On the other hand, although cobalt acid lithium (LiCoCh) has mainly been used for the 
positive active material of a nonaqueous electrolyte secondary battery, These days, 
according to the purpose, using iron system compounds, such as manganese system 
compounds, such as spinel type manganese dioxide (LiMmO^, and lithium iron 
phosphate (LiFePC>4), is examined. 
[0006] 

However, if a cell is used at a not less than 40 ** elevated temperature when the 
compound which contains manganese and iron in positive active material is used, 
manganese and iron elute from positive active material in an electrolysis solution, and 
these will deposit in an anode, will promote growth of the film of a negative electrode 
surface, and will increase the internal resistance of a cell. As a result, there was a 
problem that the charge-discharge cycle characteristic and input-output behavioral 
characteristics of a cell worsened. 
[0007] 

Then, apart from the carbon material as negative electrode active material, it makes 
specific surface area include the carbon material more than 10-m 2 /g in a negative 
electrode mixture layer in the patent documents 1, and it with the carbon material of 
this high specific surface area. By catching the manganese which deposited in the 
anode, it is indicated that the nonaqueous electrolyte secondary battery excellent in a 
charge-discharge cycle characteristic, the load factor characteristic, and output 
characteristics is obtained by controlling adhesion of manganese in negative electrode 
active material. 
[0008] 

The technology which makes a negative electrode mixture layer a bilayer is indicated 

by the patent documents 2 and the patent documents 3. 

[Description of the Invention] 

[Problem to be solved by the invention] 

[0009] 

Then, when the separation state of transition metal kinds, such as manganese to an 
anode and iron, was observed in detail, these transition metal kinds of most was 
unevenly distributed in the surface of the negative electrode mixture layer, and not 
having reached became clear inside the binder layer. 
[0010] 



Therefore, like the technology indicated with the patent documents 1, when the carbon 
material of high specific surface area is included in the whole negative electrode 
mixture layer. Although the high specific surface area carbon material of the negative 
electrode mixture layer surface was useful for prehension of a transition metal kind, 
the high specific surface area carbon material inside a negative electrode mixture layer 
was not used for prehension of a transition metal kind, but the amount of negative 
electrode active material contained in a negative electrode mixture layer was decreased, 
and there was a problem that the capacity of a cell became small. 
[0011] 

Although the technology which makes a negative electrode mixture layer a bilayer is 
indicated by the patent documents 2 and the patent documents 3, neither included the 
high specific surface area carbon material in the surface layer, and it does not have an 
effect which catches the transition metal kind which deposited in the negative 
electrode surface. 
[0012] 

Then, the purpose of this invention is to obtain the nonaqueous electrolyte secondary 

battery provided with the outstanding charge-discharge cycle characteristic and 

input-output behavioral characteristics by making the negative electrode mixture layer 

of a nonaqueous electrolyte secondary battery into a bilayer, and making a transition 

metal kind catch by a surface layer. 

[Patent documents l] JP,2002-319390,A 

[Patent documents 2] JP,2001-307717,A 

[Patent documents 3] JP,H09"147858,A 

[Means for solving problem] 

[0013] 

In the nonaqueous electrolyte secondary battery with which invention of Claim 1 was 
provided with a cathode, an anode, and nonaqueous electrolyte, Said anode holds a 
negative electrode mixture layer on a charge collector, and said negative electrode 
mixture layer is provided with the bilayer of a surface layer and a charge collector side 
layer at least, and said charge collector side layer including negative electrode active 
material and a binding agent said surface layer, The carbon material and binding 
agent which specific surface area is larger than said negative electrode active material, 
and do not carry out insertion disconnection of the lithium ion reversibly are included. 
[0014] 

In the above-mentioned nonaqueous electrolyte secondary battery, invention of Claim 2 
has specific surface area larger than the negative electrode active material contained in 



a surface layer, and is characterized by the specific surface area of the carbon material 
which does not carry out insertion disconnection of the lithium ion reversibly being 
more than 10-m 2 /g. 
[Effect of the Invention] 
[0015] 

When a cell is used at an elevated temperature according to invention of Claim 1, 
transition metal kinds eluted from positive active material in the electrolysis solution, 
such as manganese and iron, by catching by the surface layer of a negative electrode 
mixture layer, Since can control growth of a negative electrode surface film, the 
increase in resistance can be controlled, the nonaqueous electrolyte secondary battery 
excellent in a charge-discharge cycle characteristic and input-output behavioral 
characteristics can be obtained and the high specific surface area carbon material is 
not simultaneously included in the charge collector side layer, Quantity of the negative 
electrode active material contained in a negative electrode mixture layer can be 
increased, and the nonaqueous electrolyte secondary battery of high energy density can 
be obtained. 
[0016] 

According to Claim 2, in the surface layer of a negative electrode mixture layer, the 
effect which catches a transition metal kind can be made higher. 
[Best Mode of Carrying Out the Invention] 
[0017] 

Hereafter, the best embodiment of this invention is described. 
[0018] 

In the nonaqueous electrolyte secondary battery of this invention, a negative electrode 
mixture layer is provided with the bilayer of a surface layer and a charge collector side 
layer at least, and said charge collector side layer including negative electrode active 
material and a binding agent said surface layer, Specific surface area is larger than 
said negative electrode active material, and the carbon material and binding agent 
which do not carry out insertion disconnection of the lithium ion reversibly are 
included. 
[0019] 

Furthermore, specific surface area is larger than the negative electrode active material 
contained in a surface layer in the nonaqueous electrolyte secondary battery of this 
invention, and the specific surface area of the carbon material which does not carry out 
insertion disconnection reversibly makes a lithium ion more than 10-m 2 /g. 
[0020] 



As a carbon material (below, it is considered as a "high specific surface area carbon 
material") which specific surface area is larger than negative electrode active material, 
and does not carry out insertion disconnection of the lithium ion reversibly, The 
acetylene black etc. which dissolved a small amount of boron can be used during [ other 
than acetylene black ] Ketchen black, thermal black, furnace black, and a crystal. 
[0021] 

The charge collector side layer of the negative electrode mixture layer of this invention 
contains negative electrode active material and a binding agent. Only negative 
electrode active material and a binding agent may be included in the charge collector 
side layer, and negative electrode active material and substances other than a binding 
agent may be included. However, if the content of substances other than the negative 
electrode active material in a charge collector side layer increases, only the part, the 
content of negative electrode active material will decrease and the capacity of a cell will 
become small. Therefore, it is necessary to lessen content of substances other than the 
negative electrode active material in a charge collector side layer as much as possible. 
However, since a constant rate of binding agents are required, as for the content of 
substances other than the negative electrode active material in a charge collector side 
layer, it is preferred to use less than 15wt% to all the substances contained in a charge 
collector side layer, and it is more preferred to use less than 10wt%. 
[0022] 

In this invention, only the binding agent and the high specific surface area carbon 
material may be included in the surface layer of the negative electrode mixture layer, 
and substances other than binding agents and high specific surface area carbon 
materials, such as negative electrode active material, may be included in it, for 
example. 
[0023] 

As thickness of the surface layer of a negative electrode mixture layer, 1-10 
micrometers is preferred, when the thickness of a surface layer is thinner than 1 
micrometer, the effect which catches a transition metal kind is small, if the thickness 
of a surface layer becomes thicker than 10 micrometers, since a charge collector side 
layer becomes thin, the amount of negative electrode active material contained in a 
negative electrode mixture layer will decrease, and only the part will bring about the 
capacity drop of a cell. 
[0024] 

As for the rate of a high specific surface area carbon material over the total weight of 
negative electrode active material and a high specific surface area carbon material, in a 



surface layer, it is preferred to consider it as 50 - 100wt%. When the rate of the high 
specific surface area carbon material in a surface layer is smaller than 50wt%, the 
effect which catches a transition metal kind becomes small. 
[0025] 

The negative electrode mixture layer of this invention may comprise only a bilayer of a 
surface layer and a charge collector side layer, and the layer with which a presentation 
differs between a surface layer or a charge collector side layer may exist above further 
between a surface layer and a charge collector side layer. 
[0026] 

It explains taking the case of the case of the strip negative electrode which used the 
manufacturing method of the anode of this invention for negative electrode active 
material, and used acetylene black for black lead and a high specific surface area 
carbon material. First, the solution which dissolved the polyvinylidene fluoride (PVdF) 
as a binding agent in N-methyl-2-pyrrolidone (NMP) is produced, this solution and 
black lead are mixed, and it is considered as the 1st anode paste. A coating machine is 
used, it applies and dries on the surface of copper foil as a negative pole collector, and 
this 1st anode paste is made into a charge collector side layer, after that, it presses and 
the porosity of a charge collector side layer is adjusted. Next, the NMP solution of the 
above-mentioned PVdF, black lead, and acetylene black are mixed, and it is considered 
as the 2nd anode paste. A doctor blade method is used, it applies and dries on the 
surface of a charge collector side layer, and this 2nd anode paste is used as a surface 
layer, after that, it presses and the porosity of a surface layer is adjusted. The 
thickness of a charge collector side layer and a surface layer is adjusted by coverage 
and press conditions. 

In a nonaqueous electrolyte secondary battery, the hthium used for negative electrode 
active material to this invention as occlusion and a carbon material to emit, It is 
independent, or two or more kinds can be mixed and black lead, such as natural 
graphite and an artificial graphite, meso carbon micro beads, graphitizing carbon, 
nongraphitizing carbon, boron content black lead, etc. can be used. 
[0027] 

In the nonaqueous electrolyte secondary battery of this invention, as positive active 
material, although occlusion and the compound to emit can be used, lithium, the 
compound expressed with general formula LixMCte (however, M expresses one or more 
sorts of transition metals, and Co, nickel, Mn, etc. are preferred), or Li x Mn204 - 
independent - or two or more kinds can be mixed and it can use. 
[0028] 



In such positive active material, general formula LixMn2- y M y 04. (" however, 0<=x<=1.4, 
0<=y<=L8, and the spinel type lithium manganese compound by which M is expressed 
with one or more sorts of transition metal element) other than Mn. Or the lithium 
phosphoric acid compound expressed with general formula LixMyPCU (however, 
0<=x<=2, 0.8<=y<=1.2, and M 3d transition metal), If it combines with the anode of 
this invention since Mn in an elevated temperature and elution of Fe are large when 
especially LiFePCU is used, the more outstanding effect will be acquired. 
[0029] 

In the nonaqueous electrolyte secondary battery of this invention, the gel electrolyte 
etc. which combined the organic electrolysis liquid which dissolved lithium salt in the 
organic solvent, and a polymer electrolyte, a polymer electrolyte and organic 
electrolysis liquid can be used as nonaqueous electrolyte. 
[0030] 

As an organic solvent of nonaqueous electrolyte, ethylene carbonate, propylene 
carbonate, Butylene carbonate, trifluoro propylene carbonate, gamma-butyrolactone, 
Sulfolane, 1,2-dimethoxyethane, 1,2-diethoxyethane, A tetrahydrofuran, 
2-methyltetrahydrofuran, 3-methyM,3-dioxolane, Methyl acetate, ethyl acetate, 
methyl propionate, ethyl propionate, It is independent in nonaqueous solvents, such as 
dimethyl carbonate, diethyl carbonate, ethyl methyl carbonate, dipropyl carbonate, 
methylpropyl carbonate, and dibutyl carbonate, or these mixed solvents can be used. 
[0031] 

Nonaqueous electrolyte dissolves and uses a supporting electrolyte for these 
nonaqueous solvents. As a supporting electrolyte, LiClCU, LiPF6, LiBF4, LiAsF6, 
LiCF 3 C0 2 , LiCFaSOs, LiCF 3 CF 2 S03, LiCF 3 CF2CF 2 S03, LiN(S0 2 CF 3 ) 2, 
LiN(S0 2 CF 2 CF 3 ) 2, Salts or these mixtures, such as LiN(COCF 3 ) 2, LiN(COCF 2 CF 3 ) 2, 
and LiPF 3 (CF 2 CF 3 ) 3 , can be used. 
[0032] 

As a separator, textile-fabrics, nonwoven fabric, and synthetic resin fine porous 
membrane etc. can be used, and synthetic resin fine porous membrane can be used 
especially conveniently. Polyolefin system fine porous membrane, such as polyethylene 
and fine porous membrane made from polypropylene, or fine porous membrane that 
compounded these, is especially used suitably in respect of thickness, film strength, 
membrane resistance, etc. 
[0033] 

Cell form and the form in particular of a cell are not limited, and this invention can be 
applied to the nonaqueous electrolyte secondary battery of various form, such as a 



square shape, an ellipse form, a coin form, a button form, and a sheet form battery. 

[Working example] 

[0034] 

[Embodiments 1-5 and the comparative example l] 
[Embodiment l] 

The nonaqueous electrolyte secondary battery which stored the wound type power 
generation element to the square-shaped cell case was produced. The appearance of the 
nonaqueous electrolyte secondary battery obtained by drawing 1 is shown, in drawing 1 
- 1 - a nonaqueous electrolyte secondary battery and 2 - as for a positive pole 
terminal and 6, a cell case and 4 are [ an electrolysis solution pouring-in mouth and 8 ] 
safety valves a negative pole terminal and 7 a battery lid and 5 a battery container and 
3. 

[0035] 

In a nonaqueous electrolyte secondary battery of this invention, to positive active 
material, manganic acid lithium, A thing using organic electrolysis liquid which 
dissolved so that it might become negative electrode active material with graphite and 
might become an electrolysis solution with concentration of 1 mol/L about LiPF6 at 
volume ratio 1-1 mixed solvent of ethylene carbonate (EC) and ethyl methyl carbonate 
was used. 
[0036] 

A cathode board 88 weight % of LiMn204 as positive active material, Acetylene black 
(AB)4 weight % as an electric conduction auxiliary agent and 8 weight % of 
polyvinylidene fluorides (PVdF) as a binding agent are mixed, N-methyl pyrrolidone 
(NMP) is added to this mixture, and it is considered as a positive electrode mixture 
paste, and this positive electrode mixture paste is applied to both sides of a 
20-micrometer-thick band-like aluminum collector, and compression molding is carried 
out by a roll press after desiccation. Thickness to which a size of a strip positive 
electrode board doubled a double-sided positive electrode mixture layer with 493 mm in 
length, 30 mm in width, 72 mm in width of a positive electrode mixture layer uncoated 
portion, and an aluminum collector was 233 micrometers. 
[0037] 

A negative electrode plate attaches to both sides of a 10-micrometer-thick band-like 
copper charge collector a negative electrode mixture layer of the two-layer structure 
provided with a surface layer on a charge collector side layer and this charge collector 
side layer in contact with a copper charge collector. 
[0038] 



A charge collector side layer mixes 8 weight % of PVdF(s) as 92 weight % of graphite 
and the binding agent as negative electrode active material, The thickness of one side 
of the charge collector side layer obtained by adding NMP to this mixture, considering 
it as charge collector side layer mixture paste, applying this charge collector side layer 
mixture paste to both sides of a band-like copper charge collector, and carrying out 
compression molding by a roll press after desiccation was 68 micrometers. 
[0039] 

A surface layer acetylene black of specific surface area 2 [ of 64 m ]/g as the graphite and 
the high specific surface area carbon material as negative electrode active material, It 
mixes so that the ratio of acetylene black to the total weight of graphite and acetylene 
black may be 75 weight %, 8 weight % of PVdF(s) as 92 weight % of mixtures and the 
binding agent of this graphite and acetylene black are mixed, The thickness of one side 
of the surface layer obtained by adding NMP to this mixture, considering it as 
surface-layer mixture paste, applying this surface-layer mixture paste to the surface of 
a charge collector side layer, and carrying out compression molding by a roll press after 
desiccation was 4 micrometers. 
[0040] 

Therefore, the one side thickness (charge collector side layer + surface layer) of the 

negative electrode mixture layer was set to 72 micrometers. 

[0041] 

The thickness to which the size of the obtained strip negative electrode board doubled 
the double-sided negative electrode mixture layer with 543 mm in length, 31 mm in 
width, 17 mm in width of a negative electrode mixture layer uncoated portion, and a 
copper charge collector was 154 micrometers. The negative electrode mixture layer 
should double the charge collector side layer and the surface layer. 
[0042] 

As for a charge collector and 12, in drawing 2 which shows drawing 2 the section of the 
produced anode, a charge collector side layer and 14 are surface layers a negative 
electrode mixture layer and 13 11. 
[0043] 

The fine porosity polyethylene film (34 mm in width and 25 micrometers in thickness) 
was used for the separator. A wound type power generation element twists a band-like 
cathode board and a band-like negative electrode plate around the circumference of a 
winding core via a band-like separator ellipse telescopic. And only a positive electrode 
mixture layer uncoated portion is made to project from the lower end part of a wound 
type power generation element, and only a negative electrode mixture layer uncoated 



portion is made to project from an upper bed part by shifting a cathode board and a 
negative electrode plate up and down, and winding them, respectively. A separator 
exists between the portions which a positive electrode mixture layer and a negative 
electrode mixture layer counter, and as it does not cover a positive electrode mixture 
layer uncoated portion and a negative electrode mixture uncoated portion, it winds 
them. 
[0044] 

And a wound type power generation element is stored to a square-shaped cell case 
made from aluminum, A positive electrode mixture layer uncoated portion projected 
from a lower end part of a power generation element was used as a positive pole 
collector using a battery lid provided with the same terminal structure as having 
indicated it in drawing 1 and drawing 2 also as a positive pole terminal part and a 
negative pole terminal part, and a negative electrode mixture layer uncoated portion 
projected from an upper bed part was used as a negative pole collector. 
[0045] 

After welding a battery lid to a cell case, the square-shaped nonaqueous electrolyte 
secondary battery A of design-capacity 500mAh of Embodiment 1 was produced by 
pouring in an electrolysis solution from a pouring-in mouth and obturating a 
pouring-in mouth. Sizes of a single cell are 33.4 mm in width, 49.3 mm in height, and 
5.17 mm in thickness. 
It weighed 18.6g. 

[0046] 

In this invention, it is with "design capacity", 
[Embodiment 2] 

The square-shaped nonaqueous electrolyte secondary battery B of Embodiment 2 was 
produced like Embodiment 1 except having used acetylene black of specific surface area 
2 [ of 5 m ]/g as a high specific surface area carbon material included in the surface layer 
of a negative electrode mixture layer. 
[0047] 

[Embodiment 3] 

The square-shaped nonaqueous electrolyte secondary battery C of Embodiment 3 was 
produced like Embodiment 1 except having used acetylene black of specific surface area 
2 [ of 10 m ]/g as a high specific surface area carbon material included in the surface 



layer of a negative electrode mixture layer. 
[0048] 

[Embodiment 4] 

The square-shaped nonaqueous electrolyte secondary battery D of Embodiment 4 was 
produced like Embodiment 1 except having used acetylene black of specific surface area 
2 [ of 20 m ]/g as a high specific surface area carbon material included in the surface 
layer of a negative electrode mixture layer. 
[0049] 

[Embodiment 5] 

The square-shaped nonaqueous electrolyte secondary battery E of Embodiment 5 was 
produced like Embodiment 1 except having used acetylene black of specific surface area 
2 [ of 120 m ]/g as a high specific surface area carbon material included in the surface 
layer of a negative electrode mixture layer. 
[0050] 

[Comparative example l] 

The square-shaped nonaqueous electrolyte secondary battery F of the comparative 
example 1 was produced like Embodiment 1 except not having attached a surface layer 
to the negative electrode mixture layer. 
[0051] 

[Elevated-temperature cycle test] 

About square-shaped nonaqueous electrolyte secondary battery A*F of Embodiments 
1-4 and the comparative examples 1-2, the charge-and-discharge cycle test in the 
elevated temperature was done. A charge-and-discharge cycle test is 60 **, 4.2V 
constant voltage performs charge to 4.2V by 500-mA constant current at the constant 
current and the constant voltage of 3 hours, final voltage sets discharge to 2.8V by 
500-mA constant current, and it is 500 cycle ******. And the internal resistance of the 
cell before a charge-and-discharge cycle test and after the charge-and-discharge cycle 
test of 500 cycles was measured. The internal resistance of a cell is the impedance 
measured with a 1-kHz alternating current anodizing process, and was measured using 
product DIGITAL AC momega METER made from the Tsuruga electrical and electric 
equipment. 
[0052] 

The result was summarized in Table 1. In Table 1, "the internal resistance rate of 
increase and %" show the ratio of the internal resistance of the cell after the 
charge-and-discharge cycle test of 500 cycles to the internal resistance before a 
charge-and-discharge cycle test. 



[0053] 
[Table 1] 
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[0054] 

When the surface layer which contains acetylene black in a negative electrode mixture 
layer was provided from the result of Table 1, it turned out that the increase in 
internal resistance of the cell after an elevated-temperature charge-and-discharge cycle 
test is controlled. In particular, when the specific surface area of acetylene black was 
more than 10-m 2 /g, it turned out that the effect which controls the increase in internal 
resistance of a cell is large. 
[0055] 

[Embodiments 6-9] 
[Embodiment 6] 

It is made to be the same as that of Embodiment 1 except having replaced with 
acetylene black the high specific surface area carbon material included in the surface 
layer of a negative electrode mixture layer, and specific surface area having used the 
Ketchen black (Ketchen black EC made from Ketchen black International) of 800-m 2 /g, 
The square-shaped nonaqueous electrolyte secondary battery G of Embodiment 6 was 
produced. 
[0056] 

[Embodiment 7] 

The square-shaped nonaqueous electrolyte secondary battery H of Embodiment 7 was 
produced like Embodiment 1 except having replaced with acetylene black the high 
specific surface area carbon material included in the surface layer of a negative 
electrode mixture layer, and specific surface area having used the furnace black 
(Mitsubishi Chemical MA600) of 140-m 2 /g. 



[0057] 

[Embodiment 8] 

the acetylene black (DENKI KAGAKU KOGYO boron denaturation acetylene black.) 
which replaced with acetylene black the high specific surface area carbon material 
included in the surface layer of a negative electrode mixture layer and to which specific 
surface area dissolved boron during the crystal of 50*m 2 /g The square-shaped 
nonaqueous electrolyte secondary battery I of Embodiment 8 was produced like 
Embodiment 1 except having used 1.0% of the boron content. 
[0058] 

[Embodiment 9] 

The square-shaped nonaqueous electrolyte secondary battery J of Embodiment 9 was 
produced like Embodiment 1 except having replaced with acetylene black the high 
specific surface area carbon material included in the surface layer of a negative 
electrode mixture layer, and specific surface area having used the gaseous phase 
method carbon fiber (Showa Denko VGCF) of 13-m 2 /g. 
[0059] 

[Elevated-temperature cycle test] 

About square-shaped nonaqueous electrolyte secondary battery G-J of Embodiments 
6-9, the charge-and-discharge cycle test in the elevated temperature was done on the 
same conditions as Embodiment 1, and the internal resistance of the cell before a 
charge-and-discharge cycle test and after the charge-and-discharge cycle test of 500 
cycles was measured. The result was summarized in Table 2. 
[0060] 
[Table 2] 
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[0061] 

When the kinds of high specific surface area carbon differed and high specific surface 



area carbon was included in a surface layer from the result of Table 2, it turned out 
that the increase in internal resistance of the cell after an elevated-temperature 
charge-and-discharge cycle test is controlled. 
[0062] 

[Embodiments 10-14] 

In Embodiments 10-14, thickness of one side of a negative electrode mixture layer 
which doubled the charge collector side layer and the surface layer was set constant at 
72 micrometers. 
[0063] 

[Embodiment 10] 

The square-shaped nonaqueous electrolyte secondary battery K of Embodiment 10 was 
produced like Embodiment 1 except the thickness of the surface layer of a negative 
electrode mixture layer having been 0.5 micrometer. Therefore, the thickness of one 
side of a charge collector side layer is set to 71.5 micrometers. 
[0064] 

[Embodiment 11] 

The square-shaped nonaqueous electrolyte secondary battery L of Embodiment 11 was 
produced like Embodiment 1 except the thickness of the surface layer of a negative 
electrode mixture layer having been 1.0 micrometer. The thickness of one side of the 
charge collector side layer of a negative electrode mixture layer is set to 71 micrometers. 
[0065] 

[Embodiment 12] 

The square-shaped nonaqueous electrolyte secondary battery M of Embodiment 12 was 
produced like Embodiment 1 except the thickness of the surface layer of a negative 
electrode mixture layer having been 2 micrometers. The thickness of one side of the 
charge collector side layer of a negative electrode mixture layer is set to 70 micrometers. 
[0066] 

[Embodiment 13] 

The square-shaped nonaqueous electrolyte secondary battery N of Embodiment 13 was 
produced like Embodiment 1 except the thickness of the surface layer of a negative 
electrode mixture layer having been 10 micrometers. The thickness of one side of the 
charge collector side layer of a negative electrode mixture layer is set to 62 micrometers. 
[0067] 

[Embodiment 14] 

The square-shaped nonaqueous electrolyte secondary battery O of Embodiment 14 was 
produced like Embodiment 1 except the thickness of the surface layer of a negative 



electrode mixture layer having been 15 micrometers. The thickness of one side of the 
charge collector side layer of a negative electrode mixture layer is set to 57 micrometers. 
[0068] 

[Elevated-temperature cycle test] 

About square-shaped nonaqueous electrolyte secondary battery K~0 of Embodiments 
10-14, the charge-and-discharge cycle test in the elevated temperature was done on the 
same conditions as Embodiment 1, and the internal resistance of the cell before a 
charge-and-discharge cycle test and after the charge-and-discharge cycle test of 500 
cycles was measured. The service capacity of the 500 cycle eye was measured. The 
result was summarized in Table 3. The result of Embodiment 1 was also shown in 
Table 3 for comparison. 
[0069] 
[Table 3] 
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[0070] 

When it was in the range whose thickness of the surface layer of a negative electrode 
mixture layer is 1.0*10 micrometers from the result of Table 3, the increase in internal 
resistance after an elevated-temperature cycle test was controlled, and it turned out 
that service capacity is also large. 
[0071] 

only the part, since a charge collector side layer becomes thin if the effect which 
catches the manganese ion eluted from positive active material in the electrolysis 
solution is small and the thickness of a surface layer becomes thicker than 10 
micrometers, when the thickness of a surface layer is thinner than 1 micrometer, The 
amount of negative electrode active material contained in a negative electrode mixture 
layer decreases, and it is thought that the capacity drop of a cell is brought about. 
[0072] 



[Embodiments 15*21] 

At Embodiments 15-20, the presentation of a surface layer is a weight ratio and is a 
carbon material (graphite + acetylene black) :P It was presupposed that it is fixed at 
VdF=92:8. 
[0073] 

[Embodiment 15] 

The square-shaped nonaqueous electrolyte secondary battery P of Embodiment 15 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 100wt% (graphite is not included). 
[0074] 

[Embodiment 16] 

The square-shaped nonaqueous electrolyte secondary battery Q of Embodiment 16 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 90wt%. 
[0075] 

[Embodiment 17] 

The square-shaped nonaqueous electrolyte secondary battery R of Embodiment 17 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 80wt%. 
[0076] 

[Embodiment 18] 

The square-shaped nonaqueous electrolyte secondary battery S of Embodiment 18 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 70wt%. 
[0077] 

[Embodiment 19] 

The square-shaped nonaqueous electrolyte secondary battery T of Embodiment 19 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 60wt%. 
[0078] 

[Embodiment 20] 



The square-shaped nonaqueous electrolyte secondary battery U of Embodiment 20 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 50wt%. 
[0079] 

[Embodiment 2l] 

The square-shaped nonaqueous electrolyte secondary battery V of Embodiment 21 was 
produced like Embodiment 1 except having made the ratio of acetylene black to the 
graphite of the surface layer of a negative electrode mixture layer, and the total weight 
of acetylene black into 40wt%. 
[0080] 

[Elevated-temperature cycle test] 

About square-shaped nonaqueous electrolyte secondary battery P-V of Embodiments 
15-21, the charge-and-discharge cycle test in the elevated temperature was done on the 
same conditions as Embodiment 1, and the internal resistance of the cell before a 
charge-and-discharge cycle test and after the charge-and-discharge cycle test of 500 
cycles was measured. The result was summarized in Table 4. The result of 
Embodiment 1 was also shown in Table 4 for comparison. 
[0081] 
[Table 4] 
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[0082] 

The result of Table 4 showed that the increase in internal resistance of the cell after an 
elevated-temperature charge-and-discharge cycle test was controlled, when the ratio of 
acetylene black to the graphite of the surface layer of a negative electrode mixture 
layer and the total weight of acetylene black was made into 50 - 100wt%. 
[0083] 

[Embodiments 22-24] 
[Embodiment 22] 

The square-shaped nonaqueous electrolyte secondary battery W of Embodiment 22 was 
produced like Embodiment 1 except having used LiFeP04 for positive active material. 
[0084] 

[Embodiment 23] 

The square-shaped nonaqueous electrolyte secondary battery X of Embodiment 23 was 
produced like Embodiment 1 except having used LAC0O2 for positive active material. 
[0085] 

[Embodiment 24] 

The square-shaped nonaqueous electrolyte secondary battery Y of Embodiment 24 was 
produced like Embodiment 1 except having used LiNi02 for positive active material. 
[0086] 

[Elevated-temperature cycle test] 

About square-shaped nonaqueous electrolyte secondary battery W-Y of Embodiments 
22-24, the charge-and-discharge cycle test in the elevated temperature was done on the 
same conditions as Embodiment 1, and the internal resistance of the cell before a 
charge-and-discharge cycle test and after the charge-and-discharge cycle test of 500 
cycles was measured. The result was summarized in Table 5. The result of 
Embodiment 1 was also shown in Table 5 for comparison. 
[0087] 
[Table 5] 
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[0088] 

When a negative electrode mixture layer was made into a charge collector side layer 
and the bilayer of a surface layer even when the kinds of positive active material differ, 
and high specific surface area material was included in a surface layer from the result 
of Table 5, it turned out that the increase in internal resistance of the cell after an 
elevated-temperature charge-and-discharge cycle test is controlled. Positive active 
material is considered that cobalt to the inside of an electrolysis solution and the 
elution volume of nickel of the thing with a small increase in internal resistance in the 
case of cobalt acid lithium (LiCoC>2) or nickel acid lithium (LiNiCte) are because it is 
small compared with manganese or iron. 
[Brief Description of the Drawings] 
[0089] 

[Drawing l] The figure showing the appearance of a nonaqueous electrolyte secondary 
battery. 

[Drawing 2] The figure showing the section of an anode. 

[Explanations of letters or numerals] 

[0090] 

1 Nonaqueous electrolyte secondary battery 

2 Battery container 

3 Cell case 

4 Battery lid 

5 Positive pole terminal 

6 Negative pole terminal 

7 Electrolysis solution pouring-in mouth 



8 Safety valve 

11 Charge collector 

12 Negative electrode mixture layer 

13 Charge collector side layer 

14 Surface layer 



